]i) was similar in cells from LES (138 Ϯ 8 nmol/l) and EB (110 Ϯ 6 nmol/l) and increased with ACh (10 mol/l; 650 Ϯ 28 and 590 Ϯ 21 nmol/l, respectively). With zero Ca 2ϩ in bath, thapsigargin (2 mol/l) increased [Ca 2ϩ ]i more in LES (550 Ϯ 22 nmol/l) than EB (250 Ϯ 15 nmol/l, P Ͻ 0.001). Subsequent external application of 1 mmol/l Ca 2ϩ increased [Ca 2ϩ ]i more in LES (585 Ϯ 35 nmol/l) than EB (295 Ϯ 21 nmol/l, P Ͻ 0.001), indicating enhanced CCE in LES. This demonstrates CCE and TRPC transcriptional expression in human esophageal smooth muscle. In LES cells, enhanced CCE and expression of TRPC3 and TRPC4 may contribute to the physiological characteristics that distinguish LES from EB.
esophagus; sphincter; store-operated Ca 2ϩ influx FAILURE OF LOWER ESOPHAGEAL sphincter (LES) smooth muscle to maintain tonic contraction is one factor that contributes to chronic gastroesophageal reflux. Early studies of the cat LES demonstrated that spontaneous tonic contraction is supported mainly by release of Ca 2ϩ from intracellular stores (3), and we have demonstrated that cholinergic activation of human esophageal smooth muscle also relies in part on release of Ca 2ϩ from intracellular stores (23) . Elevation of Ca 2ϩ in the cytosol is matched by activation of transporters and pumps on the plasma membrane and sarcoplasmic reticulum (SR) (14) . Ca 2ϩ is returned to intracellular stores, but some is also lost to the extracellular space. Thus an efficient and highly coupled process for ensuring that intracellular Ca 2ϩ stores remain filled would be essential to maintain LES tonic contraction.
Release of Ca 2ϩ from intracellular stores is coupled to activation of store-operated channels (SOC) that allow influx of Ca 2ϩ to replenish these stores. The mechanisms involved are not completely understood, but an intimate relationship between the content of Ca 2ϩ stores and SOCs at the plasma membrane has been proposed, termed by Putney as capacitative Ca 2ϩ entry (CCE) (20) . Recent attention has focused on a family of mammalian genes that encode Ca 2ϩ -permeable channels as putative mediators of CCE (7, 19, 32) . These channels are referred to as TRPC channels, since they resemble the transient receptor potential channel of Drosophila melanogaster. At least seven mammalian forms of the TRPC gene have been identified thus far, and several putative functions have been attributed to them, including that of receptoroperated channels (ROC) and SOCs. Both the process of CCE and expression of TRPC genes have been demonstrated in multiple tissues and species, supporting their importance as physiological regulators (7) . Expression of TRPC genes has been demonstrated in several vascular and gastrointestinal smooth muscles, where they have been associated with regulation of cellular proliferation, cellular excitation through activation of nonselective cation current, and CCE (10, 13, 29) . To date the expression and function of TRPC channels have not been studied in esophageal smooth muscle.
We previously demonstrated that both Ca 2ϩ influx through L-type Ca 2ϩ channels and Ca 2ϩ release from intracellular stores are important in cholinergic excitation of human esophageal smooth muscle (23) . Furthermore, L-type Ca 2ϩ channels did not serve an essential role in refilling of depleted stores, indicating that other Ca 2ϩ influx pathways must exist. We hypothesize that TRPC channels are expressed in human esophageal smooth muscle cells (SMCs) and that functional CCE contributes to Ca 2ϩ homeostasis. Moreover, we propose that TRPC channel expression and CCE may differ between esophageal body (EB), which is phasically active, and LES, which displays tonic contraction, since these distinct contractile functions are likely to be associated with distinct Ca 2ϩ regulatory mechanisms.
MATERIALS AND METHODS
Tissue retrieval and SMC culture. Muscle samples were obtained from disease-free portions of human esophagus being removed because of cancer, as previously described (18, 23, 30) . Smooth muscle samples were obtained from the circular muscle layer of the middle of the distal third of the EB and from the clasp portion of the LES, as previously described in detail (18) . The correct identity of LES smooth muscle was confirmed on the basis of the ability of this muscle to develop spontaneous, myogenic tone and relax with activation of intrinsic nerves (18) . Portions of the muscle were frozen on dry ice and stored at Ϫ70°C for RNA extraction. Primary cultures of cells derived from the EB and LES were established as previously described (30) . Briefly, cells were isolated by digestion with collagenase (1.7 mg/ml), elastase (0.5 mg/ml), and 1 mg/ml BSA and plated at a density of ϳ400 cells/cm 2 onto 13-mm coverslips (for fluorescence microscopy) or directly in 10-cm petri dishes (for RNA extraction) in DMEM (GIBCO-BRL). Cells were grown in a humidified atmosphere of 5% CO 2 in air at 37°C with 10% fetal bovine serum.
Immunocytochemistry of cultured cells was carried out as previously described (30) . Mouse monoclonal anti-␣-smooth muscle actin (1:50; Boehringer) was used with Cy3-linked anti-mouse secondary antibody (1:100; Jackson Labs, West Grove, PA). TO-PRO-1 dimeric cyanine dye (Molecular Probes, Eugene, OR) was used to stain nuclei. Primary antibody was omitted in controls. Coverslips were mounted on slides with FluoroGuard Antifade (Bio-Rad, Hercules, CA). Cells were examined and photographed by using an Olympus IMT-2 inverted microscope using phase-contrast optics or a Zeiss Axioscope fluorescence microscope equipped with a Sony DXC-950 3CCD color video camera for capture of immunocytochemistry images. Only primary cultures or intact whole muscle pieces were used in the present study.
RNA isolation and RT-PCR. Total RNA was extracted from EB and LES by phenol-chloroform extraction using either frozen muscle samples or cultured cells grown to near confluence (days 10-14), as described previously (30) . Agarose gel electrophoresis and ethidium bromide staining verified the integrity of the RNA. Four micrograms of total RNA were reverse transcribed with random hexamers using a first-strand cDNA synthesis kit (Pharmacia Biotech, Madison, WI). Typically, 3-5 l of the cDNA reaction mixture was used in each PCR reaction performed in a 50-l volume containing PCR buffer, 2 mmol/l MgCl 2, 200 mol/l dNTPs, 0.1 nmol/l of each primer, and 2 units of Taq DNA polymerase (Quiagen, Valencia, CA). PCR was carried out in a GeneAmp 2400 PCR thermal cycler (Perkin-Elmer, Norwalk, CT) for 28-33 cycles. Cycling parameters were 94°C for 1 min, 52-60°C for 1 min, and 72°C for 2 min, followed by a final extension at 72°C for 10 min. To ensure that we were working within the linear phase of each amplification reaction, aliquots of individual PCR reactions were removed at 2-to 3-cycle intervals, electrophoresed on 1% agarose gels, and stained with ethidium bromide. We also examined the effect of different amounts of input cDNA on PCR product accumulation. The PCR oligonucleotide primers used to amplify cDNA are listed in Table 1 . PCR primers for ␤-actin were used to confirm fidelity of the PCR reaction and to detect genomic DNA contamination. The amplified products (10 l) were analyzed by electrophoresis on 1% agarose-Tris-acetic acid-EDTA gels and visualized by ethidium bromide staining. Sequencing of PCR products for verification was done in the Robarts Research Institute Core Molecular Biology Facility (London, ON, Canada).
To assess the relative levels of TRPC transcripts, multiplex PCR was carried out in the presence of commercially available 18S RNA competimers (Ambion, Austin, TX) following the manufacturer's recommendations. For these experiments, 5 l of cDNA was used in each PCR reaction along with specific TRPC gene primers. The 18S RNA primers were added to the PCR mix after 5 cycles of amplification, and the reaction was terminated after 28 cycles. PCR products were quantified by capillary electrophoresis using a Beckman P/ACE 2100 CE system equipped with laser-induced fluorescence detection, with peak height used to determine the relative ratio of the expression of TRPC and 18S RNA.
Measurement of intracellular Ca 2ϩ . Free intracellular Ca 2ϩ concentration ([Ca 2ϩ ]i) was determined in cultured cells grown on coverslips using fura 2 as previously described (23) . Cells were loaded by incubation in serum-free DMEM containing 0.2 mol/l fura 2-AM (30 min, 25°C) then transferred to fresh DMEM for 30 min at 37°C for dye cleavage. Coverslips were then transferred to a 0.75-ml chamber 
All primers were designed based on human gene sequences except for TRPC7, which was based on the mouse gene sequence (17) . http://ajpgi.physiology.org/ mounted on a Nikon inverted microscope and superfused at 2-5 ml/min at room temperature. Individual cells were illuminated with alternating 345-and 380-nm light using a Deltascan system (Photon Technology International, London, ON, Canada), with emission detected by a photomultiplier at 510 nm. Following correction for background fluorescence, [Ca 2ϩ ]i was calculated as described previously (23, 30) . The superfusion buffer had the following composition (in mmol/l): 130 NaCl, 5 KCl, 1 CaCl2, 1 MgCl2, 20 HEPES, and 10 D-glucose, adjusted to pH 7.4. Ca 2ϩ -free buffer contained 0.5 mmol/l EGTA to chelate residual Ca 2ϩ . Drugs and materials. Fura 2-AM (Molecular Probes) was prepared in dimethylsulfoxide. All drugs used were obtained from Sigma (St. Louis, MO). Other reagents were obtained from VWR (Mississauga, ON, Canada) or as indicated above. Drugs were prepared as concentrated stock solutions and diluted into the appropriate bathing solution before the addition to cells.
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Statistics. Data are expressed as means Ϯ SE. The number of cells tested is designated by an n. All experiments were repeated with at least three different esophageal specimens. Statistical analyses were performed using Student's t-test. Differences were considered to be significant when P Ͻ 0.05.
RESULTS
EB and LES SMCs in culture.
Dispersed SMCs from EB and LES showed signs of growth after 2-3 days in culture and displayed similar growth characteristics, morphology, and ␣-actin immunostaining ( Figs. 1 and  2 ). These primary cultures are composed of Ͼ96% SMCs without contamination by other cell types, based on the absence of significant immunostaining for markers for endothelial cells, nerve cells, and interstitial cells of Cajal, as previously described (30) . Individual SMCs were phase bright with a larger central area containing the nucleus and were spindle shaped ( Fig.  1) . At confluence, cells assumed a typical hill-andvalley appearance (Fig. 1) , as described for other smooth muscles (5). Immunostaining for ␣-smooth muscle actin revealed positive staining in virtually all cells seen as intracellular strands (Fig. 2) .
RT-PCR identifies TRPC channel mRNA in LES and EB. PCR primers were designed to amplify sequences specific for six of seven mammalian TRPC channels that have been cloned to date (7, 17, 19, 32) . TRPC2 is a pseudogene in the human and was not examined in this study (28) . mRNA for five TRPC channels was detected in cultured cells from both the EB and LES, including TRPC1, TRPC3, TRPC4, TRPC5, and TRPC6 (Fig. 3) . The PCR products were of the expected size, and in each case the identity of the PCR product was confirmed by direct sequencing. The presence of a single band for ␤-actin in each sample rules out genomic DNA contamination. mRNA for TRPC7, which was recently cloned from mouse brain (17) , was readily detected in rat brain and human brain and heart (Fig. 3 ) but could not be identified in any of four esophageal specimens tested. Primer sets for all of the TRPC genes except TRPC7 were based on the known human gene sequences. In the case of TRPC7, the primers were based on the mouse sequence (17) , but the gene product was homologous to the human sequence that has been identified subsequently (GenBank accession no. AJ272034).
Our initial assessment of TRPC subtypes in EB and LES revealed specific differences between LES and EB. mRNA for TRPC3 and TRPC4 appeared to be more abundant in LES compared with EB cells, whereas TRPC1, TRPC5, and TRPC6 showed similar levels of transcription in both tissues (Fig. 3) . To investigate this in more detail, semiquantitative RT-PCR was carried out using primers for 18S RNA (competimers) in each PCR reaction as a reference standard. Samples of the PCR reaction mixture were removed at 2-to 3-cycle intervals, subjected to electrophoresis on agarose gels, and stained with ethidium bromide (Fig. 4A) . Samples from these reactions were subjected to capillary electrophoresis, and amplification curves were constructed to verify linearity of the PCR reactions with respect to cycle number (Fig. 4B ) using relative fluorescence intensity as a guide to the amount of PCR product. Serial dilution of the template cDNA yielded similar results (Fig. 4, C and D) .
Based on these results, the amount of input cDNA (5 l) and cycles of amplification (28 cycles) was selected for semiquantitative PCR. Figure 5 shows these results for TRPC1, TRPC3, and TRPC4 in EB and LES SMCs obtained from four separate esophageal specimens. Both ethidium bromide-stained agarose gels (Fig. 5,  left) and quantification by capillary electrophoresis (Fig. 5, right) showed greater levels of TRPC3 and TRPC4 mRNA in SMCs from the LES compared with , and TRPC6 but not TRPC7 in human LES and EB SMCs. RT-PCR was carried out on cDNA samples from LES and EB using specific primers for TRPC and 18S RNAs (see Table 1 ). For each PCR reaction, primers for 18S RNA were added after 5 cycles of amplification. RT-PCR carried out with primers for mouse TRPC7 did not detect mRNA transcripts in LES or EB, although mRNA for TRPC7 was detected in rat brain and human heart and brain (right). PCR products of the expected sizes were obtained (Table 1) , and their identities were confirmed by sequencing. The ␤-actin sequence amplified spans a 206-bp intron, so the finding of a single band of 661 bp verifies that genomic DNA was not present. Ladder shows molecular weight markers. EB, whereas TRPC1 mRNA expression was not different. To address the possibility that these differences in TRPC expression might be unique to SMCs in culture, we next carried out similar experiments using intact tissues from EB and LES, where the pattern of TRPC mRNA expression was confirmed (Fig. 6 ). These data validate the primary culture model and confirm the physiological relevance of this observation.
EB and LES SMCs show CCE. TRPC channels have been implicated in a number of cellular functions including CCE, the putative mechanism for refilling of Ca 2ϩ stores following store depletion (7, 19, 32) . To explore the functional correlate of the difference in TRPC channel expression in LES and EB cells, we next compared CCE in these cell types. CCE was quantified using an approach previously applied in a number of other cell types (2, 10). The application of ACh produced a transient increase in [Ca 2ϩ ] i (Fig. 7) , which has been previously shown to be due largely to [Ca 2ϩ ] i release from intracellular stores (30) . The application A: cDNA from cultured SMCs derived from 4 independent esophageal LES and paired EB specimens (S1-S4) was amplified with primers for TRPC1, TRPC3, TRPC4, and 18S RNA using reaction conditions described in Fig. 4 and in MATERIALS AND METHODS. PCR products were electrophoresed on agarose gels and stained with ethidium bromide (left). Aliquots of each reaction were subjected to capillary electrophoresis, peak heights were obtained, and ratios of TRPC/ 18S RNA mRNA expression were calculated. B: relative differences in the amounts of TRPC1, TRPC3, and TRPC4 in LES and EB (means Ϯ SE; *P Ͻ 0.001 (Fig. 7, A and B) . This Ca 2ϩ influx was not observed in control experiments when TG application was omitted, indicating that depletion of intracellular Ca 2ϩ stores is essential for activating this Ca 2ϩ influx pathway (Fig. 7B) . Furthermore, Ca 2ϩ influx was reversibly blocked by 10 mol/l La 3ϩ (Fig. 7C) but not by the L-type voltage-gated Ca 2ϩ channel blocker nifedipine (1 mol/l; Fig. 7A (23) . Together, these findings are characteristic of the presence of SOCs that mediate CCE (2) .
Comparison of CCE in LES and EB SMCs. Despite the fact that a defining characteristic of LES smooth muscle is the development of sustained tonic contraction, resting [Ca 2ϩ ] i was not significantly different in SMCs from the LES (138 Ϯ 8 nmol/l, n ϭ 21) compared with EB (110 Ϯ 6 nmol/l, n ϭ 18) (Fig. 8) . Furthermore, the application of ACh elicited a transient increase in [Ca 2ϩ ] i of similar amplitude in both cell types (650 Ϯ 28 nmol/l and 590 Ϯ 21 nmol/l, respectively) (Fig. 8) . However, the TG-associated increases in [Ca 2ϩ ] i were about twofold greater in LES SMCs (550 Ϯ 22 nmol/l, n ϭ 21) compared with EB SMCs (250 Ϯ 15 nmol/l, n ϭ 18, P Ͻ 0.001) (Fig. 8D) . CCE, as measured by the peak increase in [Ca 2ϩ ] i on application of external Ca 2ϩ , was also significantly greater in LES (585 Ϯ 35 nmol/l, n ϭ 21) than in EB SMCs (295 Ϯ 21 nmol/l, n ϭ 19, P Ͻ 0.001) when assessed by application of 1 mmol/l Ca 2ϩ and measuring the peak increase in [Ca 2ϩ ] i (Fig. 8, C  and D) . This difference is maintained when the results are normalized to the peak transient [Ca 2ϩ ] i elicited by ACh, minimizing possible effects of differences in cell size (Fig. 8E) .
To further investigate the properties of the CCE pathway in LES and EB SMCs, we used extracellular Fig. 6 . Intact EB and LES muscle shows a pattern of TRPC mRNA expression similar to cultured cells. RNA was extracted from intact muscle specimens from EB and LES, reverse-transcribed, and subjected to RT-PCR using primers specific for each TRPC channel and 18S RNA. PCR products of the expected size are seen for TRPC1, TRPC3, TRPC4, TRPC5, TRPC6, and 18S RNA. TRPC7 mRNA was not detected in LES or EB smooth muscle but was present in rat brain (positive control). Results shown are for LES and EB tissues from a single esophageal specimen. Similar results were obtained in two additional esophageal specimens. 
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2ϩ as a surrogate ion for Ca 2ϩ . Others have shown that Mn 2ϩ can enter the cell via SOCs and that the rate of entry can be determined by monitoring quenching of fura 2 fluorescence at an excitation wavelength of 360 nm, the isosbestic point (11) . As seen in Fig. 9 , the rate of quenching by Mn 2ϩ was significantly more rapid in LES cells than in EB SMCs, indicating a greater rate of influx of Mn 2ϩ through SOCs, providing further evidence for CCE being enhanced in LES compared with EB SMCs.
DISCUSSION
We have identified the expression of mRNA species encoding five of the seven known mammalian TRPC channel genes in human EB and LES smooth muscles. Using semiquantitative RT-PCR, we demonstrated enrichment of mRNA for TRPC3 and TRPC4 in muscle from the LES compared with muscle from the EB. We have demonstrated that CCE can be activated in these muscles by store depletion and that this pathway is more prominent in LES SMCs. These differences in the Ca 2ϩ homeostatic mechanism may contribute to the characteristic property of LES smooth muscle to develop and maintain spontaneous tonic contraction.
Our previous studies have demonstrated that both Ca 2ϩ influx and release from intracellular Ca 2ϩ stores contribute to cholinergic excitation in human esophageal smooth muscle (23) . We showed that cyclopiazonic acid, which acts similarly to TG and blocks the SRCa 2ϩ -ATPase, produces a sustained contraction of esophageal smooth muscle, consistent with participation of intracellular Ca 2ϩ stores and activation of a Ca 2ϩ influx pathway. The present data confirms the presence of CCE as a functional Ca 2ϩ entry pathway with characteristic features similar to those described in several other cell types. CCE was activated by inhibition of the SR-Ca 2ϩ -ATPase, reversibly blocked by La 3ϩ but insensitive to the L-type Ca 2ϩ channel inhibitor nifedipine (2) . Application of extracellular Ca 2ϩ without prior depletion of intracellular stores did not produce a transient rise in [Ca 2ϩ ] i , indicating that Ca 2ϩ store depletion is required for CCE activation. ]i following application of TG (2 mol/l) was ϳ2-fold greater in LES cells than in EB cells. In addition, the peak rise in [Ca 2ϩ ]i with application of extracellular Ca 2ϩ (CCE) was 2-fold greater in LES than in EB. E: this difference was also apparent when results of individual cells were normalized as the ratio of the CCE and ACh [Ca 2ϩ ]i transients, suggesting that the differences were not due to cell size. *P Ͻ 0.01. To date, seven members of the TRPC family of genes have been identified, with recent evidence for the existence of splice variants of TRPC4 and TRPC7 (7, 17, 29, 32) . These channels can be categorized into four groups based on structural and functional similarities as follows: TRPC1; TRPC2; TRPC3, -6, -7; and TRPC4, -5 (7). There remains some controversy over the regulation of each TRPC subtype and whether they function as ROCs, SOCs, or both. TRPC2 is a pseudogene in the human and has not been shown to form a functional channel (28) . Of the remaining channels, TRPC1, TRPC4, and TRPC5 can be activated by store depletion and thus are suggested to mediate CCE (7) . In the present study, CCE was activated by store depletion following blockade of the SR-Ca 2ϩ -ATPase and thus did not involve agonist-induced inositol 1,4,5-trisphosphate [Ins(1,4,5)P 3 ] or diacylglycerol (DAG) generation. Since TRPC4 can be activated by store depletion without stimulation by Ins(1,4,5)P 3 or DAG, our finding that mRNA for TRPC4 is more abundant in LES compared with EB can be correlated with enhanced CCE in SMCs derived from LES.
Recent evidence suggests that TRPC4 may also function as an ROC that can be activated independently of store depletion in some conditions (22) . The signaling pathway is not clearly defined, but others have shown that TRPC4 can bind and be activated by Ca 2ϩ -calmodulin (25, 27) . Ioune et al. (13) recently provided evidence that TRPC6 forms a ROC that mediates ␣-adrenoceptor activation of a nonselective cation current in vascular SMCs. A similar receptor-activated nonselective cation current that can cause smooth muscle depolarization has been demonstrated in opossum (1) and human (Sims SM and Preiksaitis HG, unpublished observations) esophageal smooth muscles and represents an additional candidate function for TRPC4, TRPC6, or other TRPC subtypes.
LES smooth muscle also showed greater transcriptional expression of TRPC3. Whether this may contribute to enhanced CCE as well is not known, since we did not study CCE during agonist stimulation, conditions that would result in accumulation of Ins(1,4,5)P 3 or DAG, which activate TRPC3 (7, 32) . Additional possible roles for TRPC3 mediating other Ca 2ϩ entry pathways, such as ROCs mentioned above, will need to be considered. Moreover, emerging evidence suggests that the functional TRPC channel is a tetramer formed by four subunits and that these channels may exist as heteromultimers (15, 24, 31) . For example, coassembly of TRPC1 and TRPC3 or TRPC1 and TRPC5 to form novel cation channels has been demonstrated in HEK-293 cells (15, 24) , and TRPC1 and TRPC5 have similar distribution in the hippocampus (24) . This raises the possibility that the physiologically active forms of these channels in intact tissues, including LES or EB smooth muscles, may result from a combination of TRPC subtypes.
The pattern of TRPC channel subtype mRNA expression in human esophageal smooth muscle found in the present study differs from that of other smooth muscle types. Walker et al. (29) , recently showed that TRPC4, TRPC6, and TRPC7 were the predominant subtypes expressed in canine and murine smooth muscles. In contrast, we could not detect mRNA expression for TRPC7 in either cultured cells or tissue of the human esophagus, although our methods readily identified the gene product in rat brain and human brain and heart. We did not examine other human gastrointestinal smooth muscles for the expression of TRPC7. In dog and mouse, TRPC4 and TRPC7 showed a substantial quantitative variation in gene expression between different gastrointestinal smooth muscles (29) , but the functional correlate of these differences has not been studied. On the other hand, TRPC3 mRNA was detected in EB and LES, whereas none was identified in canine or murine gastric, jejunal, or colonic smooth muscles (29) or in the rat or canine pulmonary artery (16, 29) . The functional implications of these striking tissue-dependent differences in TRPC subtype expression remain to be elucidated. It should recognized that these comparisons are based on detection of mRNA in these tissues and not functional channel proteins. Further studies using subtype-specific antibodies or blocking drugs are limited by the lack of general availability of such reagents. Moreover, EB and LES cells in culture assume a proliferative noncontractile phenotype similar to other SMC cultures (5, 30), raising the possibility that changes in TRPC channel expression may be related to cell phenotype. The fact that we identified a similar pattern of TRPC mRNA expression in whole tissues from the EB and LES indicates that this is unlikely.
LES muscle is characterized by its ability to maintain spontaneous myogenic tension, whereas the adjacent muscle of the EB contracts in response to nerve activation during peristalsis. The unique features of LES smooth muscle that impart its characteristic behavior are incompletely understood. The regional differences in TRPC channel expression and CCE we identified in the present study add to the growing body of information characterizing the distinct physiological properties of LES and EB smooth muscles. For example, compared with EB, LES SMCs are larger, have a more irregular cell surface, a more depolarized resting membrane potential, greater SR density, more plentiful mitochondria, different contractile protein composition, and lower levels of cytochrome c oxidase (8, 12) . The central role of Ca 2ϩ in smooth muscle contraction provides a logical focus for exploring differences in muscle function. The findings of the present study provide additional evidence that fundamentally important differences exist between these muscle types in the regulation of cell Ca 2ϩ . The relative importance of intracellular Ca 2ϩ stores or influx from the extracellular space in the characteristic phasic contraction of EB smooth muscle during peristalsis vs. the sustained muscular contraction of LES remains controversial. Biancani et al. (3, 4) showed that LES tonic contraction in the cat was dependent on continuous low-level Ca 2ϩ release from intracellular stores. Such a mechanism would require an efficient pathway for replenishing these stores. In several other species, removing extracellular Ca 2ϩ or blocking influx reduces LES tone (9, 21, 26) (11) . Together, these observations suggest that the maintenance and refilling of intracellular Ca 2ϩ stores requires additional influx pathways, most likely CCE.
In addition to enrichment in transcriptional expression of TRPC subtypes and enhanced CCE in smooth muscle from the LES, the acute increase in [Ca 2ϩ ] i following blockade of the SR-Ca 2ϩ -ATPase with TG was greater in cells derived from the LES compared with EB. We interpret this finding as indicating the presence of larger releasable Ca 2ϩ stores in the LES smooth muscle. This finding may be relevant to previous studies in the opossum, which have shown more abundant SR in the LES compared with EB (6) .
In summary, the present study demonstrates the expression of mRNA encoding multiple TRPC channel subtypes in smooth muscle of the human EB and LES. mRNA for TRPC3 and TRPC4 are enriched in smooth muscle from the LES, which also shows enhanced CCE. These differences may contribute to the unique physiological properties of these two smooth muscle types.
